Diversification of water sources and water demand reduction are two vital tools in maintaining the security of urban water supplies in the United Arab Emirates (UAE). Reuse of greywater for non-potable end uses can be an effective alternative, but this resource has not yet received much attention in the UAE. Since the generation of greywater significantly differs from country to countrydepending on age, gender, habits, lifestyle, living standards and the degree of water abundance -an attempt was made to estimate internal water consumption and greywater generation in the city of Al Ain, UAE. The frequency and water requirement for personal water uses (e.g. showers, ablutions, teeth brushing, hand washing, face washing and toilet flushing) and family water uses (e.g. laundry, dish washing and house cleaning) were estimated from about 100 villa-type detached homes randomly distributed across the city. A frequency analysis was carried out using normal, lognormal, gamma and logistic distribution. The estimated average generation rate of greywater was found to be 192 litres per capita per day, which is about 69% of the average internal water consumption. The generated greywater originates from showers (49%), ablutions (18%), laundry (10%) and washbasins (23%). Based on average quantities, it was shown that the generated greywater is sufficient to fulfil the non-potable water demand in houses, but further, more rigorous, investigation is required.
INTRODUCTION
Greywater is domestic wastewater, excluding that which originates from toilets ( Jefferson et al. ; Eriksson et al. ) and sometimes kitchen water (Al-Jayyousi ; Li et al.
).
Greywater generally constitutes about 50 to 80% of the total household wastewater (Eriksson et al. ) . Generation of greywater differs from country to country, depending on age, gender, habits, lifestyle, living standards and the degree of water abundance (Mourad et al. ) . The global average generation rate is about 90 to 120 litres per capita per day (lpcd) (Morel & Diener ; Li et al. ; Mourad et al. ) , but in arid regions, the average rate is higher. For example, the greywater generation rate in Oman is about 151 lpcd, which is about 82% of its total potable water consumption (Jamrah et al. ) . About 56% of generated greywater in Oman originates from showers, 28 to 33% from kitchens, 6 to 9% from laundries and 5 to 7% from sinks. In a typical urban area in Syria, the average greywater generation is about 46% of the total water consumption (Mourad et al. ) . In low-income countries with water shortages and simple forms of water supply, greywater generation can be as low as 20 to 30 lpcd (Morel & Diener ) .
Greywater generally contains less organic matter and nutrients as compared to other domestic wastewater; however, its characteristics are significantly variable because of differences in people's habits, products used and the nature of installations (Eriksson et al. ) . The variability of grey-recycling and reuse of greywater is receiving significant attention, particularly in water-scarce countries (Li et al. ) . Sheikh () reported that 12 to 65% of potable water used annually could be saved by reusing greywater in irrigation in the city of Los Angeles, while according to Ghisi & Ferreira () , as much as 29 to 35% of potable water could be saved by reusing greywater for toilet flushing. Mourad et al. () investigated the potential for saving water in the Syrian city of Sweida by reusing greywater. They showed that about 35% of mains water could be saved by reusing treated greywater in toilet flushing. Kotwicki & Al-Otaibi () investigated the potential for saving drinking water through dual reticulation in Kuwait City. They found that, by reusing treated wastewater for toilet flushing and gardening, water demand can be stabilised over a 20-year period and about 25% of potable water can be saved in Kuwait City. In Australia, harvesting and reuse of alternative water resources (rainwater, stormwater and greywater) has proved to be an economically viable solution for water supply augmentation, capable of meeting targets for potable water savings (Chowdhury et al. , ) .
Several parameters affect household water consumption (e.g. type of toilet, household size and lot size). Therefore, residential water end uses and their conservation potential generally have to be calculated using empirically estimated parameters that affect water end uses and device turnover rates, as well as regression analyses of their historical trends. Along these lines, Cahill et al. () calculated the probability distributions of these parameters. In some models, water end use data are used to estimate water conservation potential by assuming normal replacement rates of appliances -but with more efficient devices -and measuring the expected water savings (Blokker et al. ) . 
DATA AND METHODS
A field survey using a questionnaire was conducted to investigate societal attitudes toward water consumption and reusing greywater in Al Ain and to discover some of the parameters affecting water end use through a survey and personal interviews. The survey was administered from February to June 2013. The number of interviewees was defined by using Equation (1), which estimates a population-based representative sample, according to a method devised by
where n is the sample size, N is the population size and ε is the sample error (from 1 to 20%). Based on the total popu- (2) through (5) were used to estimate the daily water consumption. Greywater generation (G w ) was estimated using Equation (6) Table 1 . Best-fitted probability distributions at a 95% significance level of water end use frequency are shown in Other differences in water use frequency between the two studies are due to different climates, geographical settings, life styles and relatively higher levels of water availability. 
Frequency analysis of time requirement for water end uses
The time requirements for different water end uses were estimated, with their statistical characteristics shown in Table 2 and their frequency distributions in Figure 2 . The time requirements for teeth brushing and car washing are best fitted by the logistic distribution, whereas the time requirements for hand washing, face washing, showers, ablutions and dish washing are best fitted by the gamma distribution. The time requirements for different personal water uses (e.g. showers, hand washing and ablutions) generally depend on cultural practices, degree of water abundance and water tariff structure.
It can be seen from 
minutes, respectively. This is likely due to variations in
people's shower water use practices and variations in dishwashing techniques. In most homes surveyed, the family has a hosepipe connected to the garage, used to wash vehicles and water gardens. The car washing time shown in Table 2 represents the hosepipe running time only.
Water end use and greywater generation
The estimated average water consumptions for different water end uses (except irrigation of gardens) are shown in Table 3 . Using Equation (6), an average greywater generation rate of 192 lpcd was calculated, also shown in Table 3 . This was done using the average time requirement (44 lpcd) is more than double that of laundry water consumption (20 lpcd). External water consumption (gardening) was not estimated in this study; however, it was observed that two types of gardening practices appear in Al Ain: piped surface irrigation systems and hosepipe connections used for car washing purposes. Table 3 shows that greywater generation averages about 69% of the indoor water consumption. The estimated average greywater generation of 192 lpcd is the sum of showers (49%), ablutions (18%), laundry (10%), hand washing (10%), teeth brushing (7%) and face washing (6%). Although average water consumption and greywater generation rates are shown in Table 3 , it is possible to estimate variations in water consumption by considering the probability distribution of their frequency and time requirements.
In the questionnaire answers and staff interviews, about 70% of respondents showed an interest in reusing greywater for gardening in Al Ain. This result is quite similar to the results in Muscat (Oman), where approximately 76% of respondents accepted the reuse of greywater for gardening, 53% for car washing and 66% for toilet flushing (Jamrah et al. ) . Greywater production in Muscat ranges between 80 to 83% of the total internal domestic water consumption, while this study found only about 69% of internal residential water is greywater, which is still within the internationally reported average of 50 to 80%.
The fitted probability distribution of water use frequencies and their time requirements can generate synthetic data for water consumption. This could help explain the variability of water consumption and greywater generation rates in villa-type houses in Al Ain. In addition, generated synthetic data can be used to investigate the potential for saving water through greywater reuse schemes.
CONCLUSION
There is a growing interest in the reuse of greywater. One driving force is water shortages caused by low amounts of rainfall in combination with high evaporation and large demands for freshwater from population centres. Another driving force is the need to lower the cost of wastewater treatment plants (Eriksson et al. ) . Internal water consumption in Al Ain was found to be extremely high because of cultural practices, high temperatures in the region and a subsidised water tariff structure for consumers.
In addition, the ablution water consumption is almost equal to toilet flushing water requirements. A reuse of shower and laundry greywater is also possible for non-potable water end uses. In the survey, about 70% of the respondents agreed that greywater can be reused for gardening purposes and about 18% agreed to reuse greywater for toilet flushing purposes.
Because of the high variability of different water usesby frequency and number of uses -a model including the probability distributions of different variables in Equations (2) to (6) is recommended over considering only average generation rates. Sensitivity analysis and comparison with an averaging method is also important, and a stochastic method can be used to estimate potable water savings from greywater reuse. Other than the quantities of greywater examined in this paper, other criteria need to be considered when selecting a greywater reuse scheme. These criteria include societal acceptance, greywater quality, treatment technologies and requirements for irrigation water quality.
The problems associated with greywater reuse involve the risk of spreading diseases through exposure to microorganisms and soil pollution and receiving waters due to different pollutants in greywater.
This study specifically explored the quantitative aspects of greywater reuse potential in villa-type houses in the city of Al Ain. The water consumption data reported in this paper were estimated based on self-reported estimates of frequency and duration, so the results could best be used in combination with pilot studies measuring end uses.
Unfortunately, this kind of study has not been realised yet; therefore, an attempt was made to compare the results with other published studies, particularly in arid regions.
As a continuation of this research project, flow-measuring devices have already been installed on residential water end use pipes, and monthly residential water consumption data are being collected from these water meter readings.
After this successful installation of flow meters and the collection of water consumption records, more reliable water consumption and greywater generation rates will be possible.
Fitted probability distributions can be used to generate synthetic water consumption rates that could help understand variations in water consumption and greywater generation and could be used in simulations of water savings from greywater substitutions. Research on greywater quality and appropriate treatment technologies is being examined and will be included in subsequent publications. 
